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SUIMARY 



iui investiration has been, made of the cooling charac- 
teristics of a Pratb & Whitney R-2800 engine as installed 
in an NACA short-nose high-inla t-velocity cov/llng (the 
II AC A Do cov/lins) . The tests were made in the LHAL 16 -foot 
high-speed tunnel of a stub wing and nacelle corjhination. 

The internal aerodynamics of the cowling were studied 
for ranges of propeller-advance ratio and inlet-velocity 
ratio obtained' by" the deflection of the cowling flaps. 
The engine-cooling tests included variations of engine 
power, fuel-air ratio, and cooling-air pressure drop. 

The engine -cooling data have been presented in the 
form of the NAGa engine -cooling correlation curves, and 
an illustrative example of the use of these curves for 
calculation of engiiie-cooling requirem.ent3 in flight is 
included. 



The Durpose of the present investigation was to 
establish the cooling characteristics of a Pratt & Whitney 
R-2300-E engine as installed in an MACA short-nose high- 
inlet-velocity cowling (the HaCA Ds cowling). For the 
tests the engine was mounted on a stub wing and enclosed 
by the NaCA Dg cowling and a nacelle. This cowling v/as 
developed from the NACA C cowling, described in reference 1, 
to provide a lower-drag installation, higher pressure 
recovery at the front face of the engine, and a higher 
critical Mach number. The engine-cooling tests were con- 
ducted in the LMiiL 16-foot high-speed tunnel. 
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The englno wan opcratod over a raupo of pov;ar up to 
rated pov/er, 'j:h3 eff^.otc^ Oj' variation of cooling-air 
pressuro drop and i-isJ-air ratio npon engine temperatures 
were measured. The d-.ta e^re presented in a form such 
tnat^ for a given set of >lxp;ht and engine -operating con- 
ditions, the average and maximum cylinder temperatures 
may be readily obtained. 



DESCRIPTION OF MODEL AND APPARATUS 



The model, a full-scale stub wing ar.d nacelle, is 
shown in figure 1 mounted In the test section of the LMAL 
16-foot high-speed tuxinel. 

The power plant is a Pratt oc. Whitney R-2c00 A-vUeries 
engine converted to a i3-series, which has a norinal rating 
of 1600 horsepower at 2400 rpm. This engine, an 18- 
cylinder, two-ro^;^/; radial, air-cooled type, is equipped 
with a single-stare, two-speed, gear-driven supercharger. 
The suDercharger gear ratios are 7.6 •! for lov/ blower and 
9.9 ;1 for high blower. For this r-articular engine, only 
the low blower could be used. The propeller drive, a 
2:1 ratio reduction gear, incorporates the standard Pratt 

6 Vifhitney torque meter, which measures the reaction from 
the propeller reduction gears. The engine is equipped 
with a Stromberg PT-13G1 injection-type carburetor. 

The propeller is a controllable three -blade Hamilton 
Standard propeller A5257A-6 with a diameter of 12 feet 

7 inches. The cuffs on this propeller had previously 
been triiriined for a larger spinner than was used in the 
present tests. The excess clearance between cuff end 
and spinner surface was therefore redi.iced by balsa-wood 
fairings held in place by doped fabric. 

The general shape and coordinates of tlie short- 
dlffuser cowling are given m figures 1 and 2. The 
cowling exit flaps controlling the engine cooling-air 
flov; extend around the periphery of t'le cowling except 
for a short distance at the top where the cax^bixretor 
duct blocks the exit. The individual exhaust stacks 
terminate at the cowling exit slot as chcwn in figure 2p 
A calibration of the exit area of the cowling, with 
allowance for these s backs and the carburetor duct, is 
presented in figure 3. 
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In addition to the usiml angina instruments, ^pro- 
visions wove made for measurinr^ the fuel flow, v^eight 
flow of anrine charge air, cylinder tempo --atures , v/elght 
flow of cooling air, and engine cooling-air pressure 
drop. 

The fuel flow was measured by both a calibrated 
rotameter and a weigh tank. The weight flow of charge 
air was measured by a calibrated venturi in an auxiliary 
charge-air ductc The conventional charge-air scoop 
v/as blocked off, and the auxiliary duct brought the 
ens^ine charge air from, out of doors throLigh the venturi, 
thence through the vertical duct shov/n in figures 1 and 
2 to the carburetor top deck. In this v/ay not only was 
measurement of the charge air facilitated, but also^ the 
danp.er of engine detonation v;as minimized because the 
warm air from, the wind-tunnel stream was not used in the 
engine. Pulsation from the propeller was avoided; and, 
because the- total pressure of both the wind-tunnel stream 
and the outside air was atmospheric, pressure at the car- 
buretor deck was not sacrificed. 

Temperatures were m.easured by calibrated iron- 
constantan therniocoirples and were recorded on a Leeds & 
Northrup Speedomax. The cylinder tem.peratures were 
measured at the rear spark plug and at the base of all 
cylinders. The temperatures at the spark plug v/ere 
measured by gasket -type therm.ocoupleq and by a ^thermo- 
couple embedded in each rear spark-plug boss {fig« 
The^base thermocouples were embedded in the rear of the 
base flange. The temperature of the engine charge air 
was measured at the top deck of the carbur'etor. 

The weight flow of the engine cooling air vjas 
m.easured by the four shielded total-pressure rakes and 
the surface static orifices in the cowling entrance (rig- 
5). The pressure tubes for measuring the engine 
cooling-air pressures v;ere located as shown in figures 6 
to 8. ' Front pressures in the baffle entrance of the 
front cylinders were measuredc on only one side because 
the other baffle entrance was in the vjake of a push rod, 
as shov/n in figure 7o 

The gasoline used throughout the tests met the Ariiiy- 
Navy specifications. This fuel is a blue, leaded gaso- 
line, which has an antiknock rating of 100 octane and a 
calorific value of not less than 18,700 Etu per pound. 



COI^PIDEl^TIAL 



4 CONPIDSIITIAL NACA ACR ITo. L4P06 

SYMBOLS 

p pressure referenced to free-stream static pressure, 

pounds per square foot 

p mass density of axi^, slugs per cubic foot 

V velocit;;, feet per second 

impact nressure, compressible dynamic pressure, 

C ' 



pounds per square foot [F £^ 



Fc compressibility fac 



' ^ ...2 ,.4 \ 

tor for air (1 -Hi™ -5- 4..:r ... 



M Mach niimber, the ratio of airspeed to acoustic 
velocity/" 

v/nD propeller-advance ratio 

N engine rotational speed, rrm 

n propeller rotational speed, rps 

D propeller diameter, feet 

a^p angle of attack of thrust axis, der;i"-3S 

/ P \ 

C-n power coefficient / — ;^ — 
P '^pn-D'-^/ 

P pov./er, foot-nounds per second 

V-]^ velocity in cov-^ling entrance, feet per second 

a relative density of air ^ ^'^ ^ 



( P \ 



relative density of air at stagnation point (relative 
density of coolinp; air) 

Ap cooling-air pressure drop, pounds per square foot 
or inches of v/ater 

V/g^ weight flow of cooling air, pounds per hour or 
pounds per second 

Wq weight flow of charge air (v-/ithout fuel), pounds 
per hour or poimds per second 
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Tv, c-^linder-head tsmperature (average indication of 

^ "is thormoGouples embodded near rear spark-plug 

t»oss:-3s), ^? 

Tv, cylinder-base temperature (average indication of 

18 therrr.ocguples eiixbedded in cylinder-base 
flanges), F 

T coolinr>-^^-ir teruperati^.re (stagnation-air teinpera- 

^ ture'in front' of engine), '"^F 

mean effective gas temnerature , 

T,-„ mean effactive pas beniperaturo for the cylinder 

bases, 



T 



rofcrencG ruean effective gas temperature (for 80° F 



®B0 charge -air temperature), °i' 

T charce-air temperature ahead of carburetor, "r 

e 



Or? 



c specific heat at constant presr^ure, Etu per pound 

p "per (For air, 0.24) 

X, y, and z exponents associated with Wa, W^, and <^q^^9, 
respectively 

C;j_, C2,...C,3 constants 

A coefficient of friction power 

B coefficient of blower power 

C constant proportional to engine disnlacement 

g acceleration due to gravity (32,2 feet per second 

per second) 

P exhaust back "oressure at sea level, absolute, 

®SL Inches of mercury 

exnaust back pressure at altitude, absolute, inches 
of mercuiy 

A'i.^ODyNAIJICS OF GCOLIivG-AIR PLOW 

The pressure recoveries at the various stations v/i th- 
in tlie cowling were de termired for the two extreme positions 
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of the cowling flaps, gaps of 2.5 and 7.2 inches. These 
tests were made at 260 ?niles por hoiir, with Op = 0.20, 

v/nD ~ 1.9, and the thrust axis at zero angle of attack. 

The pressure recoveries at various stations throug?i- 
out the co^;;lins are shown in figure 9, expressed as 
ratios to the compressible dynamic pressure. The plotted 
values represent the circumferential averages of the 
readings of the diffuser and individual cylinder pressure 
tubes shown in figures 5 and 6. The plots of total pres- 
sures measured by t>ie cowling-entrance rakes at station A 
of figure 5 show that, contrary to the expected results, 
the pressure recoveries are lov;er for the low-inlet- 
velocity condition with the cowling flaps closed than for 
the high-inlet-velocity condition with the flaps open. 
The propeller blade sections in front of the cowling 
opening were apparently stalled for the low-inlet-velocity 
condition because, normally, the higher angles of attack 
of these propeller sections vvould result in higher pres- 
sure recoveries for the low-inlet-velocity condition. 

The front pressures on the front -row cylinders 
are about the sam.e for the two cowling-flap positions, 
as shown by curves B of figure 9. The radial distribu- 
tion of the total pressure over the cylinder is not 
uniform.. The pressure tubes located on the barrel 
and on the top of the head are out of the blast of 
air from: the diffuser and, consequently, give m.uch 
lower readings than the tubes on the side of the head, 
which are well centered in the cooling-air flow. The 
pressure recovery on the front of the rear cylinders 
is less than that on the front cylinders and is also 
miore uniform, because of the losses of pressure encountered 
in passing through the space betvjeen the front-row 
cylinders • 

The restricted front-cylinder exit passages between- 
the cylinders of the rear row result in higher positive 
pressures for the flaps closed and in lower negative pres- 
siares for the flaps open than were recorded for tlie rear 
cylinders. This difference in rear pressures tends to 
counteract the higher front-cylinder front pressures and 
to equalize the cooling-air pressure drops across the 
two rows of cylinders, as shown in the following table: 
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Coo3-in£-air pressure drop 


ljU<>r:«.UJLUil OX 




(percent qc ) 


p X o b ur J Iv U U w S 


Stations 


w 1 L n GO \ . ± 1 n f 


X xap 3 o3 G 






'^o.o j.n. 


7 , .d xn . 










xop oi nudCL 


B to C 


43 


85 


Head 


E to C 


45 


98 




B to C 


30 


59 


Rear bank 








Tod of head 


D to E 


39 


95 


Plead 


D to E 


37 


85 


Ba-^Tel 


D to S 


36 


82 



The pressure drops given for the cowling with the flap 
open (f;i-ap, 7.2 in.) are orobahly larger than would be 
obtained in flight because of the greatly increased 
blocking effect of the extended flaps in the tunnel. 

The circu^nferential ores sure distribution for the 
engine is shown in figures 10 and 11. The front-bank 
pressures (lig* 10) are fairly uniform with the excep- 
tion of the pressures for cylinders 2 and IS and the 
top head tubes for the flap -open condition. The lov; 
pressures on cylind^^rs 2 and 18 are probably duo eitner 
to bulges in the inner cowling required to clear the 
distributors or possibly to the breaking down of the flov\r 
at this point because of the presence of the blocked-off 
carburetor-duct entrance ju.st above the top of the 
cooling-air inlet • The pressure distribution on the 
rear cylinders (fig. .11) was less uniform for all loca- 
tions with the cowling flaps closed (gap, 2.5 in.), 
and with the cowling flaos onan the front pressures 
varied as :nuch as 0.4q^. 

The results of tests to determine the effects of 
propeller operation upon the cooling-air pressure drop 
are shov/n in figures 12 and 13. The procedure for these 
tests was to set the cowling-exit flan and to adjust the 
propeller for constant speed and power; the wind-tunnel 
airspeed was then varied and nressure measurements 
were taken. through a range cf'v/nD« This procedure was 
follov/ed for three cowling-exi t-f Ian settings and for 
three values of propeller power coefficient. The over- 
all cooling-air pressure drops given in figures 12 and 13 
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are the refei-^ence cool'.ng pressures u^ed in the follow- 
ing section on the cooling characteristics of the average 
Installation. These values v;ere obtained frora the tubes 
shown in figures 12 and 13 by subtracting from the aver- 
age front-cylinder total-pressure reading the average 
static reading behind the rear cylinders. Cooling stiadies 
for thi.^ engine are facilitated because there is no large 
variation in available pressure drop with either V/nD 
or the power coefficient Cp. 

The relation of vieight flow of cooling air to 
cooling-air pressure drop was determined s l.multaneously 
with the pressure-drop tests. The v^eight i].ov^ of cool- 
ing air was measured by the entrance total-pressure rakes 
and static orifices in*^ the diffuser surface. Figure 14 
presents the calibration of the total weight flow of 
cooling air plotted against the pressure drop across the 
bases and across the heads. Figure 14 is presented to 
show the order of magnitude of the cooling-air v^eight 
flow rather than to define absolute values. The fact 
that rather widely separated calibration curves are ob- 
tained for the various cowling-flap positionf^ may indi- 
cate that the baffle-pres sure drop was not a satisfactory 
index for the total weight flow of cooling air as meas- 
ured by the entrance rakes. As v^ill be shown later in 
this report, cov/ling-f lap position had no effect on the 
engine-cooling correlation based on cooling-air pressure 
drop, and for this reason the cooling-air pressure drop 
as mieasured is believed to give a good indication of local 
cooling-air flow by the cylinders. 



ENG IITE-G 0 OLING CHARACTERIST ICS 



The results of the engine-cooling tests are presented 
in the form of !IACa engine-cooling correlation curves 
(references 2 to 4). This method of correlating engine- 
cooling data furnishes a m.eans of coordinating engine 
temperatures with the variables that determine engine 
cooling. By use of this method relatively few but care- 
fully controlled tests are needed to establish the engine- 
cooling characteristics. The results of the tests can 
be reduced by the use of a few simple equations and the 
correlated data can be presented as two curves. The cor- 
related data can then be used to predict engine tempera- 
tures resulting from, specified operating conditions or to 
determine operating conditions required to maintain 
specified temperature limits. 
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Resun K- of eiipine-coolin. a; -corre lat I on rrinc'ples . - 
The principles of enrine-cooling ccvrclatlon are based on 
the fimdamental laws of heat transfer. The developnent 
of a technique for applyinr thepe principle s has been 
presented in references 2 to 4. A general statcinent of 
the correlation principle i? that the ratio of cooling- 
teninerature differential to heating- temperature diff^^r- 
ential is a function of a relation between internal flow 
of heating fluid and external floF of cooling fluid. 
This principle is expressed symbolically by 

~ C-1 "T Co , r ^ ^ 



^ " ^ (o.Ap) 



T'lie IIACA nethod. of correlating engine-coolinp data 
Is baned on the conceot that the true gas temperature of 
the charge and corbu3tion products, which undergoes cyclic 
variation vrtthln the cylinder, may he replaced by a hTOO- 
thetical nean effective ga<i teraperature T^-^. It has been 
found (reference 4) that, of the several factors which nay 
affect the mean effective gas teiriperature in en.::lnes 
operating ^'Vlth fixed spark" advance, only tvv'o vary enough 
in nornal operation to'^ demand consideration. These two 
factors are the fuel-air ratio and the temperature of the 
charge before entering the cylinder. A generalization 
of these effects is expressed by 

where ATg is a gas-teir.perature increnent associated 
with inlet-charge teinperature and where Tg^^, the refer- 
ence ^nean effective gan temperature. Is regarded solely 
as a function of fuel-air ratio and must be experimentally 
determined along with the other constants established in 
exigine- coo ling-correlation test? . 

"he precedent (reference 2) of u^-olng 80° F as a 
reference" temperature Tg for the carburetor inlet air 
is followed here. In the absence of a blo^■.'er the gas- 
temperature increment is expressed simply by 

ATg = 0.8(Tq - 80) 

The factor 0.8 is empirical but }ias been four.d satisfactory. 
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When a snpercharger is employer?, in the errine 
Incl^iction rysten, the blov/er-tempern.ti-irs i^i::e rrast be 
incliTded in the gas-teinperature Inci'enient . Bs* t inaat 1 on 
of the hlovver-temperatiire rise Is bae'ed on identif ic£.tion 
of blower v-ork Vvith heat, v;hich is in turn interpreted 
a.-^ air- ter ;perature rise* The following equation is 
based on riTiilar analysis given in reference T- ; 



iilo^/er 



(Flov ^r r_t- ip ;^peec')^^ 
778Cpg 



where blov'er ri5::e is in degrees Fahrenheit, blov^er tip 
speed is in feet per second, and 778 is the mechanical 
equivalent of heat in foot-pounds per Btu. This ex- 
pression v'ould be inapplicable for calculating intahe 
manifold temperature but is satisfactory for estimating 
gas-temperature increment in v^hich the effect of fuel 



evaijoratior. is accourted .^or 



the experimentally de- 



termined variation of mean effective gas temperature with 
fuel-air ratio. The complete e7:presslon for gas- 
temnerature incj'^ement becomes 



AT^ ^0.8 

o 



n on J. 



( "p, i_ o ^."p t i 0 s T e e d ^ 



77Sc^S 



t 



(3) 



For the vrecent tof^'z^, eq'artion (3) becorier^ 



High blO'Ter 



AT 



0.8 



r 



- 80 + 2Zi--r~ I 



AT,. - O.GlTp - 30 + 37.: 



Its 



1 



loouy 



Correlatinri r-rocedur>e . - The values of the exponents 
X, y, and z in equation (1) are determined from construc- 
tion curves, v^hich are plo"^"s in log-irithimic coordinates 
of the ratio of tem.perature differentials against tne 
associated variable l.V^, V'^, or ^a^?* D^'?^ta for these 
plots are obtained fromi tests made in accordance with a 
test program, of Vv^hich the follov^ing is ty;^ical: 
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Type 

of 
test 



Charge- air 
flov; 
(ll:/nr). 



Fuel- air 
r at 1 o 



Cooling- air 

pressure 
drop 
(in, water) 



Purpose of 
test 



o 

rH 

> o 



CD 

rH Ciy 

05 O 



CD ?H 

I — I »rH 

X) CO O 

•H rH -P 

H (D c:t 
cd ^« 



7,750 
7/750 
7,750 
7,750 
7,750 
7,750 
7,750 
7,750 



5,000 
6,000 

7,000 
0,000 

9,000 



1, 

Ll 



,000 
Il,000 

L.,000 
8,000 
8,000 
8,000 

12,000 
12,000 



0, 



.08 
. Oo 

.08 
.08 
.08 
.08 



29 
25 

i8 

15 

12 

10 



o.o8 
.08 
.03 
.08 
.08 



0.055 
.O'So 

.065 

.070 

.OQO 
. 160 
.110 



lit. 2 
li,.2 
II4..2 

li:- 2 

ll,,,2 



o o 

-P '.X 

or .H 

CO ^ 1—1 
;J 0} o 

"-D^H O 
TJ -P O 

w 



•fH CO 

B -P 

-p ^ 

c ; o cl 

Ik; 

c 0.; 

Eh 



-P CD -P 

CD 

CD (T 
P 

O cH O 

rii c. 



O 

•H o 

rH 

■^-i o 

-P .H 
W -P 

o 
o 

EH 



'0 O 
•H 



f7l 



4-> -P 

O cr5 
Th 



! 

O 

0 CD 
O ^-i 
C ^H 

O CD 

(D 

Q 

5h 



C4 -P -p 

0 cd 

W CD fn 

CD cd H 

> ^1 0 

•r-^ 0 'J 

-P Cl^^^H 



During the test 
sure drop v;as varied 



cooling-air pres- 



in «/vhich only the 
as v/ell "as the test in which only 
the charge -air flow v^as varied, the fuel -air ratio was 
held as nearly as possible constant at O.Ou. At this 
value of fuel-air ratio, the datum mean effective gas 
temoerature T., is established by reference 2 as equal 

to 1150^ ? for the heads and 600^ F for the bases. The 
inean effective gas temperature was then computed by use 
of the following equations, which were derived from equa- 
tions (2) and (5): 



For the* heads , 



T = II5O + 0 - 



-80+22 



uoooy 
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and, for the bases, 

1 



T = 600 + 0.8 j - BO + 22fliL>)' 



Only low-blowfjr tests were used to establish the correla- 
tion and all the quantities pertinent to the corTelat^' on 
v/ere measured after the engine temperatures had become 
stabilized. 

All the engine -cooling co:-'relaticn test data are 
presented in tables I to III. A typical construction 
curve used to obtain the exponent that governs the effsct 
of pressure drop on engine cooling Is shown in figure 15. 
Tl';e data for figure 15 were obtained from tests 240 and 
241 and are given in tables I and II. Figure 15 is a 

^-"^^^ ratio of temperature differentials for tests 
in which the cooling-air pressure drop was varied sys- 
tematically and the engine charge air wis held practically 
constant at 7750 pounds per hour. Firuro 15 is there- 
fore a graph of equation (1) in the following form: 

^h - \ 

The slope of the curve is -z. From figure. 15, z = 0.£2l. 

The construction curve used to obtain the exoonent 
that governs the effect of charge-air flow on engine tem- 
perature IS shown in figu-e 16* This curve is a plot of 
the ratio of temperature differentials for tests in which 
the engine charge air ^vas varied systematically and the 
/'^i"'^^-^" P^^ssure drop was held nractically constant 
at 14.2 inches of water. B'igure 16 Is therefore a pn^a^h 
01 equation (1) in 'the following form: ^ 



T, - 



1 



n a 



- T)^ - '-4 ''■'e' 



The slope of the curve is y. From figure 16, y = 0.565. 

Py plotting the ratio of temperature differentials 
against vj^J/^o^Lp, all the data used in fixing' the 
construction curves were ^-^lotted on u. single curve rejire- 
senting the following form of equation (1): 
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= ^2 ^- = Cp I / = Oo6o 

This expression is an engine-cooling correlation equation 
based on cooling-air nressure drop and is plotted in 
figure 17. The value of the constant C2 - 0,560 was 
determined from this graph. 

The variation of reference mean effective gas tem- 
perature "^gQQ ^^'^•'ith fuel-air ratio (fig. I8) was deter- 
mined by tests 2l\,2 and 2i4.I1. (table II) after the correla- 
tion line had been established. In this case the charge - 
air flow and coollng-alr pressure drop were measured and 
their respective exponents v^ere known for each tost point. 

The correlation abscissa WQ^^^/^ya^Ap was computed and the 

corresponding value of the ratio of temperature differ- 
entials (ordinate) was read from the correlation curve of 
figure 17. The temperatures Th and Ta v/ere measured. 
The computation of T^- was then accomplished by 



Th( 1 + Ordinp.te ) - T. 



S Ordinate 

The reference mean effective gas temperature obtained by 
use of equations (2) and (3) 12 

This plot of T.-ro^ against fuel-air ratio (fig. I8) Is 
^.jO 

essential to general anpllcation of the correlation curve, 

An engine-cooling correlation based on the weight 
flew of cooling air is established by a procedure similar 
to that followed for the correlation based on cooling-air 
pressure drop. Data from the same tests have been used 
for both correlations. The construction curve for the 
correlation based on weight flow of cooling air is pre- 
sented in figure I9. Curves are shown for cowling flaps 
open and closed. Figure 19 Is a plot of the ratio of 
temperature differentials for tests In which the cooling- 
air flow (pressure drop) was varied systematically while 
the charge-air flow was held practically constant at 
7750 pounds per hour; figure I9 is there for^ a graph of 
equation (1) in the following form: 
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The elope of the cu'^ves is f^rom fi^^iire 19, x ~ 0.642 

By nlottlnp; tho i-atio of ternpa-^-'atixpe differentials 
against '''a^^^A^e tJ-^ data used in fixing the con- 

struction curves were plotted on a ningle curve, for a 
single cowling-fDap position, ropresentin;;^ the follov/ing 
form of aquation (l)s 

This expression is an engine -cooling correlation equation 
"based on the weight flow of cooling air and is plotted in 
figure 20 o Values of tne constant determined from fig- 
ure 20 are* = 2.85 for the cowling flaps closed and 
Cg = 2o61 for flaps open. T^.ie curve of reference mean 
effective r.s.s temperatu.re (lig» 18 ), established by means 
of the correlation based on precsiire drop, is also used 
with the correlation based on weight flow. 

Results . - All the graphical mabter pertaining to 
the engine cooling is presented in figures 15 to 31, 
The preparation and use of I'igures 15 to 20, which deal 
witn the engine-cooling correlation for the cylinder 
heads, have been described in the section on correla- 
tion procedure. In figare 21 tj^e hottest temperatures 
indicated by rear soarh-oli:i.g-gaslre t "cl'-er no couples, as 
Vv'ell as hottest head-embedded thermocouples, arc com.pared 
with the average of all l?ead-embedded-thermocouple 'tem_- 
peratures. The data used for plotting figure 21 were 
obtained simultaneously with the correlation datao As 
can be seen in figure 21, the relation of hottest to 
a.verage temperature is dependent on the engine power. 
The ^--elation is net direct, however, for, at some engine 
powe^-'S in e:-ces3 of 1100 horsepower, the temperature ^ 
divergence \'as less tlian the maxlmuin indicated by fig- 
ure 21. It is believed that the hottest temperature 
indicated by figure 21 for a given average temperature 
will not bo exceeded in practice. 

Graphs, similar to those by which the cooling 
characteristics of th^ cylinder heads have been presented 
in figiires 15 to 21, a.re given for the cj^linder bases in 
figures 22 to 28. D^.ta for the bases are given in 
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table IIIo Enp;lne speed had no measurable effect on 
cylinder-head temperatures exceot through its effect on 
the blov/er-temperature rise, which v^as accou.nted for. 
Inasmuch as the heat generated bv piston friction has 
direct effect on the cylinder-base tc3mperatures , the 
base temperatures are affected by engine speed. The 
effect of engine speed is shown in fi^^^ui^e 25 by the 
displacement of points from the curve'of reference mean 
effective gas temperature for the bases. Base tempera- 
tures at speeds greater than 2120 rpm were greater than 
indicated hj the correlation curve and, consequently, 
the effective gas temperature was higher; the converse 
is true for points at low engine speeds. 

Typical distributions of cylinder-head and base 
temperatures for- two cowling-exit-flap settings are 
presented in figure 29, As was found in all tests, 
the front-cylinder heads ran considerably hotter than 
the rear-cylinder heads. The difference in the tera-» 
porature readings was somewhat preater for the embed- 
ded thermocouples than for the spark-plug-gasket 
thermocouples. The temperatures of the front and 
rear cylinder bases were approximately equal. The 
variation between front-row temperatures and rear-row 
temperatures v/as less systematic on the cylinder bases 
than on the cylinder heads , 

A comparison of the average tem.perature of the 
front row of cj^linders with the average fcemperature of 
the rear rov/ of cylinders is shown in figure 30. Com- 
parisons are m.ade at 800 and 1100 brake horsepower both 
on the basis of spark-plug-gasi<:e t and em.bedded therm.o- 
couples. Figure 30 indicates that the average front- 
cylinder -he ad temperature was of the order of 50^ F 
hotter than that of the rear-.row cylinder heads at higher 
pov/ers. Determination of the cause for this temperature 
difference between front and rear cylinders is beyond the 
scope of the present paper. 

:j:sti mation of cha rge -air flov^r.- One of the principal 
factors involved in a cooling ^correlation Is the internal 
flow of heating fluid. In internal-combustion engines 
the flow of heating fluid is most directly r'elated'to the 
charge-air flow. The correlation method, consequently, 
has been developed v/ith charge-air flow as a primary 
variable. Inasmuch as charge-air flow is usually not 
specified for various engine operating conditions, a 
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method for es timatin';'; the char.^e-alr flo'v requlrec] for 
any ccndltioa of enrp'.ne -airplane oooj'-atior- is necjssary 
in the ap;:^licatlon of the engiiie-cooling corrulation* 

A slnpla ::iethod for obtaining a close approximation 
to tAe charge -a"-'.!' flow required for tre Gnrii')'^ has been 
developed. This nethod is based on the assu^aptlon that 
the vaiuo of charge-air flov/ oor indicated horaonovy^r at 
a given value of fuel-air ratio is anlane. A r;injle 
curve (fi;'". 31) sho^/ing variation of the ratio of c'lar^re 
air flow i:o indicated horsepo'ver with fuel-air i-atio is 
used in conjunction with an expression of thj follov/ing 
type 



a + 



Tooc) 



(4) 



ihp ir.dicated hcrseocv/er as defined by ecraation (4) 
A cosff^ci'-nt of fri:^tion o-rrr 



B coefficient of bloveer go^^:^v 

C CO n s t a 1: t p r c p o t i o n a 1 t o e nfj; i ne d i 3 0 1 a c e me n t 

The cceffirient of f->vlction power A in the expios 
sion for indicated horsepov/er h.as been computed Oi: the 
basis that the engine friction, without charge air and 
blower, absorbs 155 hoi-sepower at 2400 rpn. This usa.^e 
assiiraes that all the friction is. laminar fluid iricticn 
within the oil film between moving parts and that the 
power therefore varies as the squ-are of t'^ie engine speed 
For t>iis enrine, therefore, 

- 27 

The coefficient of blower rcwe:^= E was calcT^lated 
by assurring a blower-drive efficiency of 87 percent for 
the blov/er and by equating blovver pov/or to the rate of 
energy input to tl'.e charge air (reference 5), as follows 

r 2 
Blowe^ he- iTT!\I-'ipeller diam. ) ( Blov;ur f;oar rutio) 
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B 0.0495 Q Impeller dian. ) (Blower gear ratlo)J^ 
= 0.0495(0.917 X 7.0)^ 
= 2.4. 

The constant C provides for the pov/er increase v/ith 
altitude due to the decrease in exhaust back pressure. 
By allowing a pressure of 70.7 pounds per square foot per 
inch of mercui-^y, the pov/er increase is 

~ '70,7 X Engine displacement ^ v ,^ 

" 2 X 1728 X 60 X 550 (^''^SL ^ P^alt)^^ 

C - 0.00062 (Engine dis-olacenent ) 
- 1.755 

where the engine displacement is measured in cubic inches. 

The expires sion of indicated horsepower then becomes 
Low blower 



High blov/er 
ihp = bhp + 



The constants given in equations (5) and (6) are not 
intended to be used individually for the calculation 
either of friction and blov/er horsepower or of the power 
obtained from decreased back pressure. Equation (6) 
can be used with figure 31 to determine the engine 
charge-air flow with satisfactory accuracy. Figure 31, 
which presents indicated specific air consumption as a 
unique fuiiction of fuel^air ratio, was prepared by use 
of equation (5) and t?ie same data (table I, tests 242 
and 244) that were used in establishing the curve of 
reference m.ean effective gas temiperature . Data from 
other tests are included in figure 51. 

Equations (5) and (6) can be rewritten to furnish a 
direct solution for the engine charge-air flow when used 
with figure 31. 
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Low b lover 



vv q/ Ihp \iOOO / 



(V) 



Hir;h blov/er 

^ bhp + ^'^(j^o"^ - l .V35(Pe 3 L ^e. it ) (1^) ) 
^ 0.00105(— ^ — 1 

The forenolnf^ method of e.^tinatin:^ the engine charce 
air flow is presented bccauso of its sinplicity and be- 
cause it gives results in asreeitient wit?n experience. 
Estimation of charg€--air flow for a number of test condi- 
tions^ not ti^bulated in this r-enort^ agreed with the 
measured values within less than 1 percent difference. 
Estimation of charge air ct low altitude should be very 
reliable. At very high altitudes and at high power, 
the estim.ation of charge air m.ay not be so reliable; how- 
ever, prediction by this m^ethod of charge air required 
for another large aircraft engine te'^ted in an altitude 
chamher at 15,000 feet agreed v/ith the neas^.ircd values 
(-unpublished) within' 2 percent. No attempt has been 
made to extend this m.eth.od above the critical altitude. 



EXAMPLT: ILLTTSTRATINa USE OP 

E:iairE-cooLifJS correlation 



The application of the cooling correlation is illus- 
trated by the solution 01 a simple problem: 

Determ.ine the variation of hottest cylinder-head 
temperature with cooling-air, pressure drop across the 
engine for the engine-airplane combination described 
herein for the following operating conditions: Army 
summ.er air, 2000 horsepower, low blower, 2700 rpm, and 
a fuel-air ratio of 0.107. i-.ssume low airspeed - that 
is, negligible effect of airspeed on cooling-air tem- 
perature • 
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(1) Est irna.tlon of charge air: 

Pron fi^^ure 31, at a fuel-air ratio of 0.107^ 

~ - 6.43 

IriD 



Pror. equation (7), 



20C0 + 27(2. 7)S 
.i_ - 0.0024(2.7)^ 



= 15900 Ib/hr 
4.42 lb/sec 

(2) Determination of lyz 

From equations (2) and (•^■), 



rp — 
ig - 



%00 ^^-" Fe - 80 + J 



ProiTi figure 18, at a fuel-air ratio of 0.107, read 

%80 = 

Por Army F:u]u^.er air at 3F;a level, 

— m 

- 100^ F 

To; - 382 + 0.8 [lOO - 80 + 22(C.7)j 

~ 1020^ P 

(3) Computation of head temperature; 

-h ^a 



The ratio of temperature dlf f ei^entials ~ 
the ordinatf^. 



. = ^ Ordinate) + _ (1026 x ord inate) + 100 /gj 

1 + Ordinate 1 + Ordinate 

Por Army signer air at sea level, 

a = 

= 0.922 
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The column nuiiibers used in the following table refer 

to : 

!• Assumed values of cooling-air pressure drop 
2. Computed W^-*- •'^^/oaAp 
5. Ordinate from figure 17 

4. Average Tj^ (embedded thermocouples) computed by 
equation ( 9) 



5. Hottest head-embedded-thermocou-ole temperature from, 
column 4 and figure 21 



1 


2 


3 


4 


5 


Ap 
( in, 
of 
v/ater ) 


1.76 


Ordinate 
\ - \ 


Ave rag j 
(^) 


Hottest 


head teraoerataro 
(°F) ^ 




Eirfcedcl 


ed 


Spark-plug 
gasket 


6 


2.480 


0.761 


500 


5G9 




562 


12 


1.240 


.608 


450 


515 




493 


18 


.825 


. «J -L 


421 


483 




458 


24 


.620 


.482 


402 


462 




435 


30 


.495 


.448 


387 


4 46 




417 



The calculated hottest cylinder-head temperatures, cclLijnn 
5 of the preceding table, are plotted against cooling-air 
pressure drop in figure 32. This problem has been 3imr.)li- 
fied by ignoring the adiabatic temperature rise due to 
flight speed* For application at reasonably great air- 
speed, account must be taken of this adiabatic temxperature 
rise of the cooling air, which must be added to the spe- 
cified air temperature. Trie operating conditions chor-ien 
for this -oroblem correspond closely to conditions that 
might exist at take-off. It can be seen from figure 32. 
that, with a spark-plug-gasket t6m:perature limit of 500'^ F, 
a minimxUjn pressure drop of 11 inches of water is required 
for cooling the hottest head* 

Langley JJemorial Aeronautical Laboratory 

National Advisory Coimiiittee for Aeronautics 
Langley Field^ Va. 
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NATIONAL ADVISORY 

TABLE I COMMITTEE FOR AERONAUTICS 

BNGINB-COOLINO CORREUTION DATA - GENERAL 



Test 


Run 


bhp 


Engine 
speed 
( rpm) 


Charge - 

air 

flow 
( Ib/hr ) 


Fuel 
flow 


Fuel- 
air 
ratio 


Carburetor 
temperature 
(Op) 


(OP) 


^•^6 

(°P) 


Coollng- 

atr 

flow 
(lb/sec) 






Te 


sts with 


constant fuel-air ratio 







2k0 
2k0 
2k0 
2k0 
2k0 
2I4.O 
2k0 
2l|0 
2li0 
2I4.O 
2k0 
2}lo 
2k0 
2k0 
2k0 

2kl 

2kl 
2hl 
2kl 

2ia 



1 
2 

i 



9 

10 
12 

li 
\i 

1 

2 

i 



1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 

600 
800 
990 

1200 

600 



2120 
2120 
2120 
2120 
2120 
2120 
2120 
2120 
2120 
2120 
2120 
2120 
2120 
2120 
2120 

2120 
2120 
2120 
2120 
2120 



80i|.0 

7973 
79 S7 
7957 
7805 
7770 
7750 
7790 
7677 
7850 

7855 
77k3 
7695 
7578 
7708 

h6h7 
5795 
7025 
8500 
1^615 



6ko 
61^6 
6kO 
650 
650 
615 
615 
615 
619 
625 
615 
592 
592 
565 
605 

555 



0.0796 
.0810 
,0802 

.0788 
.0791 
.0790 
.0806 

.0795 
.0780 

.0765 
.0769 

.0711.6 
.0782 

.07U6 

.0781; 
.0785 

.0775 
.07^.9 



68 
70 
71 
73 
75 



80 
80 
71 

I? 



70 

68 
70 



96 
97 
99 
100 

101 

100 

97 
&02 

99 

91 
91 

92 

87 
91 



86 



69 

71 
72 

73 
75 
77 

Fo 

79 
79 
72 



71 
70 
70 
69 
71 



Teats with varying fuel-air ratio 



2I4.2 
2l;2 
214.2 
2I4.2 
2l4;2 
252 
2I42 
2l;2 
2k2 
2U2 
2k2 
2k.2 

2U+ 
2U4 
2kh 

2m. 

2hk 
2kh 



1 


800 


2120 


2 


800 


2120 




800 


2120 


I 


800 


2120 




800 


2120 


I 


800 


2120 




800 


2120 


I 


800 


2120 


9 


800 


2120 


10 


800 


2120 


11 


800 


2120 


12 


800 


2120 


1 


lll-OO 


2120 


2 


114.00 


2120 




15.00 


2120 


i 


1110 


2120 


I 


1100 


17k9 




loko 


Z501 


7 


1650 


2k00 



5820 
5730 
5780 

5^14.0 

61^5 

5770 
5790 

5950 
5727 



10553 
10260 

9853 
7688 



l;6l 

39h 
582 

575 
585 
^^52 
596 
590 
57I4. 
577 
h05 

1139 
1058 
890 
608 
605 
606 

1490 



0.0801 
.07L.0 
.0681 
.0655 
.0608 
.0571 
.0748 
.0685 
.0550 
.0603 

.0655 
.0707 

.1081 

.1011 

.0901J. 

.0791 

.0788 
.1156 



0 

80 
80 
81 
81 
82 
78 
77 
75 
72 



56 

59 
60 
61 
61 
61 
61 



9' 
9 

le 
98 

99 
99 
96 

9h 
92 



9 

82 
81 
81 
81 

35 



78 
77 
79 
79 

II 

80 
81 
77 
77 
75 
75 

60 
62 

39 

95 
86 
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TABLE II ooMMlTTFE FOR AFRONAUTICS 

ENOINE-COOLINQ CORRELATION DATA - CYLINDER HEADS 



Test 



R\in 



880 



8 



(°P) 



6 n 



a 



(In. of 
water) 



Tests with constant fuel-air ratio 



2h0 
2l|0 
21^.0 
240 
240 
21+0 
2l;0 
240 
240 
240 
21^0 
240 
2i;0 
250 
2I4.O 

2kl 
2kl 
241 



1 

2 

I 
I 



9 

10 

12 

II 

1 

2 

I 



1223 
1212 
1220 
1227 
1216 
1257 
123L 
1255 
122I4. 
1233 
1239 

1 

1234 

1268 

1233 
1232 

12li.O 
121+7 



351 
339 
353 
367 

pi 

437 
367 
403 
562 

350 
374 
397 
421 
396 

338 
556 

ii 

337 



0.26I+ 
.277 
.293 
.310 
.342 
.372 
.427 
.304 
.370 

.299 
.291 

.323 
.360 

.394 
.564 

.275 
.309 
.549 
.378 
.276 



57.8 

P 

I1.8.1 
44.2 

lU 
49.4 
33 

J9.7 

25. 
38.3 

56. 2 
46.6 
58.0 
32.1 

59.2 



1+5.0 
36.9 
31.1 
25,6 

19.5 
13.1 

50. § 
14.9 

31.1 
31.4 



.5 
.7 



15.5 
14.5 
1I+.2 

1I+.2 



Tests with varying fuel-air ratio 



214.2 


1 


1142 


21+2 


2 


1183 


242 




1191 


242 


I 


1186 


21+2 


I 


1131 


242 




1021 


242 




1180 


242 


I 


1194 


242 


■9 


926 


242 


10 


1108 


242 


11 


1161 


242 


12 


1182 


2hli 


1 


880 


244 


2 




24|+ 






2M+ 


I 


1136 


244 




1116 


2I4+ 


I 


1171 


2iS 


7 


8l3 



1220 
1260 
1270 
1265 

1210 
1101 
1260 
1275 
1005 
1185 
1256 
1255 

91+0 

975 
1111 

1200 

1155 
1266 

904 



362 
568 
374 
575 
566 

550 
371 

576 

m 

361+ 

557 
3^0 
382 

577 
562 

597 
556 



0.309 
.303 
.507 
.303 
.518 

.334 
.507 
.508 
.552 
.518 
.509 
.505 

.429 
.430 
.412 
.359 

.364 
.499 



14.7 
15.0 
14.8 

Itl 

14.8 
14.9 
15.1 
15.2 
15.1 

15.1 
14.2 
14.9 
15.1 
15.3 
i4.5 

13.9 
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TABLE III 
ENGINE-COOLINO CORRELATION DATA 



NATIOIiAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

CYLINDER BASES 



Teat 



Riui 



880 



8b 
(°F) 



(°P) 



(In. of 
water) 



1.67 



OaAp 



Teats with constant fuel-air ratio 



2I4.O 

21 (.0 
214.0 
2li0 
214.0 
2U0 
2I4.O 
ZkO 
240 
2)4.0 
2J;0 
2li.O 
2li0 
2i;0 
2l;0 

21^1 

2Ul 

21^1 



1 

2 

i 



9 

10 
12 

It 

1 
2 

i 



607 
596 
599 
605 
596 
61s 
6oh 
6ok 
503 
602 
609 
615 

eik 
62I1 
606 

624 
607 
607 
611 
61I; 



671 
667 
671 
676 
669 
682 
681 

tft 

661 
681 

686 
683 
695 
677 

695 
677 

6B0 
685 



257 
263 
273 
2B7 
305 
26^ 
286 
265 

268 
276 
291^ 
277 

2hl 
256 
270 
280 
2i;8 



0.347 

.381 

■Ml 

.U73 

452 
.S16 
.465 

iot 

.1(.50 

.ij.80 

.581 



10.1 
10.8 

10.9 

11.0 

10.6 



0.121 

.159 
.167 
.200 

.500 
.159 
.503 

•^51 
.158 

.231; 

•Ml 



.151 
.205 

.279 
.567 
.lU 



Teata with varying fuel-air ratio 



2l42 
2^2 
2142 
2I42 
2I42 
2I42 
2U2 
21;2 
252 
2I4.2 
242 
2U2 

2hk 
2144. 
2ffi 
2U 

2hk 
2hh 

2kh 



1 

2 

I 
I 



9 

10 

11 

12 

1 

2 

i 

I 

7 



586 
610 
601 
593 
577 
538 
606 
607 
507 
570 

591 
607 

513 
5U6 

58U 
610 

587 
657 
516 



661; 
687 
680 
672 
656 
618 
686 
638 
dBU 
6L6 
666 
6B0 

608 

Hi 
752 
602 



260 
263 
266 

261; 
262 
256 
266 
268 
250 
257 
259 
260 

252 
262 

21k 
267 
250 
29^; 
276 



O.I4.O5 

.389 
.405 
.II08 
.1+16 
.1+32 
.liOl 
.U03 
.452 

M3 

J 1.00 

.529 
.525 
.515 
.^57 
.i;5i 
.U62 

.591 



11.1 
12.6 
11.1 
11.0 

11.1 

11.2 
11.2 
11.1 
11.1 
11.5 
ll.k 
11.3 

11.7 
11. 14. 
11. L 
11.6 
11.8 
11.1 
11.2 



0,201 
.175 
.199 
.205 
,220 

.251+ 
.196 

.199 
.298 
.219 
.201; 
.192 

.51^ 

.501; 
.k70 
.307 
.296 
.520 
.773 



2 1.88 R , 24.35 R U25.78 R /26.34 R 



We ; All dirnensions are in inches. 



Cowling - ex/t- 
flap ope/7/r7Q 




^/pure 2: 0^f//ne sketch, NACA co^//n^ w/fh /^-^800-3 engine 



> 
> 
> 



o 



NATIONAL ADVISORY ^ 
COViMlTUt FUR ALRUNAUllUi p. 

oq 



CO 



NACA ACR No. L4F06 



Fig. 




NACA ACR No. L4F06 ' Fig. 4 




NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



Fiqvre ^-S/(efch of cylinder- head thermocouples' 




Figure S- Pressure -tube locations on fixed spinner and co^lin^. 




ZioWc orifice5 



Enl(3rged section C-C 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



2: 
> 

> 

> 

o 

25 
O 



o 



Prop, rotdtm 



Side A 



Side B 



rTo+<3l - top of head 




Front of front cylinders 



Jofal-lopof head 





Side of front cylinders 



Sfatic- top i/ heod 



'Static - 

fop of head 
Tu.t>e 5 



Static -top of head 

Note : All dinr)ensions ore in inches . 
Static - rear of head 



Static -rear of barrel 




Static- upper rear 
of baffle 




I 



5tafiC' pressure 
tubes 



Front total- 
pressure tubes 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



cs J ^ ,. , ^ ''Stfjtic -lower rear of hflffle 

oide cr rear cylinders Rear of rear cylinders ^ 

r/^ure 6.- Cy//ncfer pressure - tube locations. 



•> 
o 
> 

> 

o 

2: 

o 



o 



NACA ACR No. L4F06 



Fig. 7 




NACA ACR No. L4F06 



Fig. 8 




26 























A 





























































/.O .8 .6. ^ Z 













c 
























( 










/ 

/ 










/ 




















1 
1 
















V 








































0 ,8 G 4- .^ 0 t2 -.4 -6 



NATIONAL ADVISORY 
COMMillEL FOR AERONAUIICS 











E- 
















T 


\ 
1 












\ 

t 

-\ — 








1- 

I 

L 




1 
1 








1 

I 




1 
1 








1 
/ 




























6 .4- ^ O rZ -£ 



A Totbl-lube pressures in 

1crtbl--hi>e pressures at front' 
front cylinders 
C SlQtiC"tL»6€ pwsurcs ^af Keor 

(jf ffort c/\\r)6efs 
D 7o1bl4ub€ pneasues art "fVbnt 

of rear cylindtrs 
E Sfatic pressure at 

.g9 ■Co^Z/fy^/ofi^o^'i 7.Z /n. 



1.0 




COMMITTEE FOR AERONAUTIC^ 

£ -4 Q Q /O /Z /4- /e /S Z 4- 6 8 /O /Z /4- /6 /8 
Cy//nder number Cy/mcfer number 

'e /O.-Circumfertnt/aJ pressure, d/str/ fx/f/on or the front bank of cylinders at^Scind 7.^-/rfch 
cow/zng-f/ap gaps . Cp,aJ20j \^/)0,/.S / K, 260 mpj? te^t , /80 /6/:f^ fi. 



.6 
.6 

<2 



^/9c 

0 
-Z 
-4- 
-.6 



















































/ 

/ 

/ 


\ 






< 

A 






V 


7 ■ 

/ 

/ 


\ 

\ 

: 




^ / 

— 


I 


\ ^ 
\ 

\ 




>^ 


/ 

J 




^ 1 
^/ 
/ 


V 

/\ 


1 

1 







\ 


/ 

/ 














\ 
















— ii 


































































<h . 

^ J 





h ^ 


,A 




F- ^ 














r' 









/ 3 5 7 3 // /3 /J /7 
Cy//nd&r number 





























< ' 
















>■ C 

X .,: 


^ — ^ 






— \ 


— 






/ 

;^ 




1 X 

/ ^> 


—i 

— 




\ 

\ 

\ 


/ 




/f 
ii 




r7 — 




r ^ ^ 

\i 






\ 












> . 


r ^ 


/ 
/ 

/ 
















■r 1 
























































































o < 


1 < 




f 






>----< 





— Cowling-f/op gap, 2.5 /n 
—-CowUnq-f/Qp gap, 7Z/n. 




Front and 3/dc ly of a 
rear cy//ndcr 

NATIONAL ADVISORV 
80MMIT1EE FOR AERONAUTICI 



/ 3 5 7 9/1/3/5/7 
Cy//'nder number 



r/gu/'c//-C/rcurnfGrenf/a/ pressure^ djstribaf/on on the rear bank cfcyZ/ndcrs atZS-and 7.2-fnc/i 
coiy//ng-f/ap gaps. C^,0^0^ V/hD,/.d , V. :960mpfy test ^ , /So /s /"^ 



NACA ACR No. L4F06 



Fig. 12 



•ATISNM. AOVKOKT 



Frvnf of front Cijlhder Side rear ot/Z/nder 

B (.StQt/c) 





= Pressure A — Pres<S(/reB 



IZ 

1.0 
•c 
S 

.6 

4- 

Z 

0. 























1 1 1 1 1 1 














8 


o 




/ 






a 


















— ^ 


E 




S 


0 












































































































r 


///^ 


□ 




°, ' 


4-Jn. 




















7 


a 










— i 






teT- ■ ■ 










— 0 

-e— — 








',3in 
































c 
















































































O 


































□ 


Cp = .2 
Cp -.5 
































1 

NATION 


AL A0\ 




















] 


J 


1 




COMMITIEE FOR AERONAUTICS 

1 1 1 1 1 





4 B /.2 y /.6 ^0 <f?4 <e8 5.2 



r/^i/re /.?.- yaridfion of ava//a£/e pressure drop across the cy/Jnc/er 
fyeads with propeller-advance ratio. 



NACA ACR No. L4F06 



Fig. 



Front Of front cylinder Side of rear cylinder 











71 in. 









_D(5faHc) 



Ap - Pressure C - Pressure D 



I.Z 
1.0 
.8 
.6 



O 



O 



















1 1 1 1 1 1 1 
Cnw/ino-f/ao qqd . 7 in. 








— 


0 








































































































Co\ 


ulin 




'Zap 


gc 




41/ 

□ 


















Qtf>0 - 


















Co\ 

a . 


A/iir 








IIJ 
□ 














o — ^ 


















— fl- 






-B 
























































0 C 

^ c 

a C 


P - 
P = 


.1 

.2- 




























.5 


^ATIO^ 


Al AD 


















1 1 








COMIViniEt FOR AtRONAUllCS 

1 1 1 1 



S 12. , /6 55 54 55 32 
1///7Z5 



/^/^ure /3.- VarJcrfion of avai/ab/c pressure c/rop across fne 
cy /indef Jbarre/.^ wt'fh jorop&Uer-aefvanee. ratio- 



400000 



^ 200,000 



.e foo,ooo 



p 50,000 
^ 60,000 

I 40,000 




20.000 



/reads - pRCSSuittEs A -PRtssui^es B, 
Aj^ /?^5es » Pnct5oR.€3 C - Pressures D 



I i t i I 



COMyiinEI FOR 



(OHOHAL-LIMlQfi:: 



AEF W JTI » 



8 10 



20 



40 



6 iO 20 40 

Ca^p , bases 



60 



> 
> 

> 

o 
?d 

s: 
o 



O 



9 



NACA ACR No. L4F06 



Figs. 15,16 



.SO 



.4-0 



.30 



.ZO 

































































































































































1 1 


NATIONAL 


^ADVISORY 





COMMIHEE FOR AERONAUTICS 
ZO 30 ^ so 



5 e 10 15 

O^A in. welter 
Figure /S^-'Vcrriatton of {iJ^-TaViTg-Tf) with cool iny- air 



pressure drop ^ Fi^ehatr ratio ^ 0.0&] 
charge-air flo\/Vj 71 SO pouno/s per 
Cy//nc/er heads. 



hour. 



.4-0 

.30 
.ZS 

























/if 












r 















3 /ope = O.S6S 

NATIONAL ADVISORY 
COMMITTED FOR AERONAUTICS 



4^000 6.000 8,000 10,000 
Charge - air ftov^^ /b / h/- 

Figure, IS. ~ Variation of (7^ - X!}/(Tg - 7^) with charg e - 
air f/ow. Fuel- air ratio^ 0.08; <^^i 
/4.2 //?ches of \N enter. Cylincf€.r heads. 



NACA ACR No. L4F06 



Fig. 1^7 




F/'^ure /7,—Coo//h^ corre/a/'/on j^osed on coo/zh^-o/r 
pressure cfro/o . Cy//nc/er heads. 



NACA ACR No, L4F06 



Fig. 18 



/30O 




.OS .06 .07 .OS .OS .10 J I 

Fu^l-air ratio 

Fi^urt. /<?» -Variation ofme^ar? effective, ^as temperature 
with fu&l-air ratio. Cy/indeir heads. 



NACA ACR No. L4F06 



Fig. 19 



.5 0 
.4-0 



,30 



.20 













X 














































N 


































1 


1 


1 


1 


1 


1 









NATIONAL ADVISORY 
COMMIHEE FOR AERONAUTICS 

Cow/in^' f /dp posiHon 

A Full open 
X Full closed 

o S/aried setting 



30 AO eo so /oo 

Qooli ng-ctir -ffov^^ ^iti ^^Z^*^ 



f/okv. C///r?</er /yeads J charge -o/r F/oWj 
77SO pou/7dS per /?our. 



NACA ACR No. L4F06 



Fig. 20 



so 

.40 

.30 



J30 







> 




























































\ 


1 















/o 



/S 20 



30 40 SO 60 



I.t4- 



(CooHnq-oiir f/ovv) /^/larqe -a/'r f/ov^ — . 

Cowl fjiff- flcfp p OS) tion / ^/ ^ 
FuU open ^ 

Varied settincf o 
rull c/osed ^ 



NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 



F/gut^ ZO.-Cool incj correlation 6asea/ on cooling - 
air weight flow. Cylinder heac/y. 



NACA ACR No. L4F06 



Fig. 21 



Hot -test head-embec/clec( 
thertrjo coup/GS 




300 ^OO SCO 



Averag<^ of /S hGoid-embechled-thermooouple 
Figure ~ A co/:^/6^r/.so^ AoTf-fes^ 



NACA ACR No. L4F06 



Figs. 22,23 



.so 

.4-0 





o — 




















































































— \ — 









/s 



20 



30 



Or,Ap. i/i- wafer 

^ NATIONAL ADVISORY 

COMMIHEE FOR AERONAUTICS 

Fig are ZZ- Variation of( Tt> -T^Os -7s) ^ith coo/in^- 
air pre. 55 Lite. drop. Fue/ - a^r 
ratio J, 0.08; charge - ai r f/ov^j 
17S0 pounds pQr hour 
Cylinder bas&s. 



T3-T, 



.60 
,50 

,4-0 
.30 



Si ope = O. 483 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



4(}00 bjOOO ^000 /q,O0O 

Charge-a/r f/ow^ Ih/hr 

Figure, 23. - Vttriaiion of(jl - 7^)y(^ -T^ v/ith cliarcfe. - 
air ^low. Fu&/~a/r ratio j 0.06; 
Cgft-p , 10.5 inches of Y^ater. Cylinder bases. 



NACA ACR No. L4F06 



Fig. 



.60 



.30 





S/ODQ -0.2&9 


























— i 






































































' 1 ' 











Jo 



J5 



.30 ,40 



.60 



NATIONAL ADVISORY 
COMMIHEE FOR AERONAUTICS 



-^^^^r//? per scc)^Tin \A/ater 



f/^(yre24.~Coo///7p corre/oih'on based on coo/zn^-a/r 
pressure c/ro^.Cy//r?der has-^s. 



NACA ACR No. L4FD6 



Fig. 25 



700 



•I 



£r?g/ne. spewed 
(rpm) 
I7S0 X 
Z120 © 

2SOO A 



































































\ ^ ^ 






































□ 






































1 




NAIIUNAL ; 

COMMITTEE FOR 


AtRONAUTK 






1 


1 







.OS .06 .07 .05 

Fwzl-dir ratio 



.09 



.lO 



.// 



Figure ZS, -Varidf ion of me.ar, effective gds temperature 
with fue^hair ratio. Cy Under Jbases. 



NACA ACR No. L4F06 



Fig. 26 



.60 
SO 



.30 



Slopes -0.333 























































































:^ 






















































i 




1 


1 


1 





60 (50 /OO 

NATIONAL ADViSORY 

COMMIHEE FOR AERONAUTICS 



JO ^ 

Coo liny - air -Tio uv^ lib / sea 



fyot/\/ . Cy//i^c/er jbases. 



NACA ACR No. L4F06 



Fig. 27 



,60 



Slope ^-0.433 



.30 



ZC 































































































1 


1 















10 



15 ZO 



30 -fO 60 60 70 



1^^ /see, 

C ov^ ling- f Zap position . 
FllII op&n ^ 

Pattly clos&d o 
Full do scd X 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



Figure, Z 7. -Cooling correlation based on cooling- 
air weight flo)N. Cylinder bases. 



NACA ACR No. L4F06 



Fig. 28 



400 




200 30O 40O 

Average /base temperature ^ 'F 



F/'grure ZS- Comparison of the hottest base 
temperature w/t/f overage base 
tempera ture. 



o Head- e^mhecic/ed fhermocoup/es 
A Spark-p/ug-gashet thermocouples 
□ Base fherpn^ocoujo/es 





NATHMIAL AOVrSORY 
COMMITTEE FOR AERONAUTICS 



2 ^ 6 & /O /2 /6 /8 2^66/0/2/^ 16 /8 

Cylinder number Cylinder number 

[a) ^S-i^ch cow/mg-fhp y^/^;^ =54'*/r (b) JZ-inch cowlin^-flapff.apj7;^96''F. 

r/gure Z9. - Typical fe/rperatum pattern ItQO bhp^ ^120 rpmj fud-air rafiOj 0,08) Vj 260 /rf/bfy ^ (X.^^ O? 



> 

> 

> 
o 

o 



o 



CO 



NACA ACR No. L4F06 I^ig- 




Figure 30— Comparison of average -temperature 
of front cylihdcrs wit/7 overage of 
rear cylinders^ Fe/e/-^/r r'af/o^O.OS* 



8.0 



7.0 






















































































Ihb 

^ 6.0 
S.0 




































































1 








1 
1 


1 NATIONAL ADVISORV 

;;OMMITTEE FOR AERONA 

1 1 .L . 1 



'OS .06 .07* .08 .09 ./O .// JZ 



CO/7 si^mjbfio/? w/fh fdfe/-a/> rat/o . 
/=:e^ /?- 2800 e/7^//7e ^ B'ser/es. 



600 




> 
> 
> 

o 



o 



^ 8/2/6 ;20 £4- 

C oo//r7^-a/r J?re3si/re ^ro^^Ap ^ 



/?e(7^^ te/T7jberai'i^r^3 ia///-/? cooJing" 
^ St h/ /F';28O0 en^/ne^ series^ 



/^/^//re 32. - Var/^^T^/o/r of /yot-tesi 
air pressure, c/rop ^ 

2000 6/7p )2700 rpm^* fue/ -a/r rc^r/o^ 0J07 ; 3ea-/e\/e/ 
Ar/^7y si/mm^r a/r . Ca/CLt/i7fec^ from f/^e e/T^//7e- 
coo///?^ Corr^/af/o/7^ j-zs-^j s.^yc. 



